The effects of progestogen-gonadotropin treatment on estrous response, ovulation rate and lambing response of crossbred ewes were examined at two times during the anestrous season (May-June and July-August). Each ewe group was treated with progestogen pessaries for 16 days and injected with 750 IU pregnant mare serum gonadotropin (PMSG) on days 17 and 32 to induce two consecutive estrous periods. Data accumulated from singlesire matings of 500 ewes indicated that estrous, ovulation and lambing responses did not differ (P<.10) between ewes treated in May-June (92%, 2.5, 66%) and ewes treated in JulyAugust (93%, 2.5, 67%). We concluded that there were no significant differences between reproductive responses of ewes synchronized during mid-anestrus (May-June) and those of ewes treated during late anestrus (JulyAugust). For the May-June and July-August groups combined, estrous, ovulatory and lambing response were higher (P<.05) during the first induced estrous period (76%, 3.0, 62%) than during the second (33%, 1.9, 43%). In both the first and second induced estrous periods, as interval from PMSG injection to onset of estrus increased, significant declines in ovulation rate, conception rate and ram 1The authors gratefully acknowledge the technical assistance of Mr. Lee Peshek, Mr. Basil Farber, Mr. Peter Garcia and Ms. Gall Gilstrap with the collection of animal data. Cooperation of the Nebraska Agr. Exp. Sta., Univ. of Nebraska, Lincoln, is acknowledged.
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3Mention of a trade name, proprietary product or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that may also be suitable. marking activity were observed, particularly when onset of estrus occurred 72 hr or more after PMSG injection. These results indicate that the reduced lambing responses reported for ewes synchronized during anestrus may be due to increased asynchrony of reproductive events in the ewe, or decreased ram aggressiveness and fertility, or a combination thereof, as the interval from PMSG injection to the onset of estrus increases. (Key Words: Anestrus, Ewe, Estrus, Ovulation, Fertility, Lambing, Synchronization.)
Introduction
Lambing responses of cyclic ewes synchronized with progestogen and pregnant mare serum gonadotropin (PMSG) during the breeding season (in season) are comparable to those of nonsynchronized ewes after a 30-to 35-day breeding period (Wishart, 1967; Laster and Glimp, 1974) . However, treatment of ewes with progestogen:PMSG during the anestrous season (out of season) results in reduced lambing response, and considerable variation in the percentage of ewes lambing per induced estrus and per breeding period has been reported (Gordon, 1963a; Roberts and Edgar, 1966; Hunter, 1968; Hulet and Stormshak, 1972; Laster and Glimp, 1974; Christenson, 1976) . The present study was conducted to investigate causes of the reduced lambing response and to examine relationships between estrous response, ovulation and fertility following progestogen:PMSG treatment of ewes at two times during the anestrous season.
Materials and Methods
Five-hundred and sixty crossbred ewes, 2 to 5 years of age, were assigned at random to two breeding groups (May-June or JulyAugust) for treatment and mating during 448 JOURNAL OF ANIMAL SCIENCE, Vol. 53, No. 2, 1981 anestrus. The crossbred ewe population was composed of Rambouillet, Targhee, Dorset, Finnish Landrace, Hampshire, Suffolk and Columbia-Southdown breedlines in two, three and four breed-cross combinations. Ewes were maintained in drylot throughout the experiment and fed a corn silage diet. All ewes had lambed, and lambs had been weaned at approximately 47 days postpartum. Treatment was begun at approximately 54 days postpartum in each group. In each breeding group of 280 ewes, 30 ewes were maintained as untreated controls and 250 were treated with progestogen-pessaries for 16 days (table 1) . Each treated ewe was injected with 10 mg progesterone on the day of pessary removal (day 16) and with 750 IU PMSG on days 17 and 32. Ewes were assigned to 10 subgroups of 28 each (25 treated and three controis), and each subgroup was exposed to a ram for 30 days (day 17 to 46). The same rams were used for breeding in May-June and in July-August. The 10 rams were fitted with marking harnesses, and estrous data (marking data) were recorded every 4 hr for the first 6 days of each breeding period and twice daily (0800 and 2000 hr) for the remaining 9 days. Marking crayons were changed daily, and intensity of crayon mark per ewe was scored as very light (1), light (2), medium (3) or heavy (4). Ewes were shorn 1 week before pessary insertion and paint-branded to allow identification without handling.
For the determination of ovulation rate for each breeding group, approximately 20% of the treated ewes were laparotomized after the first induced estrus and 20% were laparotomized after the second induced estrus. Equal numbers of ewes were sampled from each of the 10 subgroups within each breeding group. Laparotomy was performed approximately 60 hr after the onset of estrus. No ewe was laparotomized more than once. Only ewes exhibiting onset of estrus within 120 hr of PMSG injection were laparotomized, because too few ewes exhibited onset of estrus after this time to allow assessment of both ovulation rate and lambing response. Embryos were recovered from ewes at laparotomy, and results have been reported (Lunstra and Christenson, 1981) . The remaining treated ewes (nonlaparotomized ewes) were maintained for the collection of lambing data. Conception date for ewes lambing was calculated as lambing date minus the length of normal gestation for crossbred ewes.
Data on estrus and lambing were compared by chi-square analysis. Data on ovulation rate, number of lambs, interval to onset of estrus and intensity of crayon marks were subjected to analysis of variance, and differences were analyzed by Student's t-test (Steel and Torrie, 1960) .
Results and Discussion
Estrous Response. The progestogen:PMSG synchronization regimen effectively induced estrus in ewes during the anestrous season, with 92% (May-June) and 93% (July-August) of the nonlaparotomized ewes responding bprogesterone (P), 10 mg dissolved in corn oil and injected IM at time of pessary removal.
Cpregnant mare serum gonadotropin (PMSG), 750 IU dissolved in physiological saline and injected subcutaneously.
dRams were introduced to the ewes after the initial PMSG injection and remained with them for 30 days (day 17 to 46). after two PMSG ingections (table 2). Only 13 and 37% of the control ewes were marked during the respective 30-day breeding periods. The increased estrous activity (P<.05) observed among control ewes in July-August, may reflect the general increase in estrous activity that occurs in untreated ewes as the natural breeding season approached (Lamond, 1964) .
Estrous response following the first PMSG injection was high, averaging 79 (May-June) and 73% (July-August) among nonlaparotomized ewes (table 2) . Gordon (1963a) and Moore and Hoist (1967) have reported similar responses at first estrus (60 to 100%) among ewes treated with progestogen:PMSG combinations during anestrus. Estrous response among nonlaparotomized ewes following the second PMSG injection was markedly lower (P<.01) than that observed at the first induced estrus (May-June, 29 vs 79%; July-August, 38 vs 73%). The percentage of ewes responding at the second induced estrus was similar to that reported by Roberts and Edgar (1966) , but lower than the percentages reported by others for ewes treated wth a second PMSG injection during anestrus (Gordon, 1963a; Christenson, 1976) .
In the majority of ewes treated in May-June and July-August, onset of the first induced estrus occurred between 25 and 96 hr after PMSG injection (i.e., 49 to 120 hr after pessary removal), and all ewes responding to the first PMSG injection exhibited onset of estrus within 144 hr (figure 1). The interval from PMSG injection to onset of the second induced estrus was more variable than the interval to the first estrus, ranging from 25 to 240 hr in May-June and from 25 to 168 hr in JulyAugust. The average interval from PMSG injection to onset of estrus was longer (P<.01) for the second induced estrus than for the first in both May-June (103 vs 56 hr) and July-August (76 vs 49 hr). The reduction in synchrony of estrus observed after the second PMSG injection during anestrus agrees with the data of Clark and McDonald (1975) .
Lambing
Response. The total lambing response (ewes lambing per ewe marked for both induced estrous periods combined) did not differ between the two groups of ewes treated during anestrous, averaging 66% in May-June and 67% in July-August (table 3) . The percentage of treated ewes lambing also did not differ (61 vs 62%). Total lambing response was comparable to that reported by others for anestrous ewes treated with progestogen and given two PMSG injections (Hulet and Stormshak, 1972; Laster and Glimp, 1974; Christenson, 1976) , but was lower than the lambing response of ewes treated during the breeding season (Laster and Glimp, 1974) . Within each breeding group (May-June and July-August), two successive peaks of lambing activity were observed. After adjustment for average gestation length, the two lambing peaks were found to coincide with peak estrous activity in both the first and second induced estrous periods, respectively, allowing the estrus of conception to be determined. Lambing response (table 3) to matings at the first induced estrus (64%, May-June; 59%, July-August) was equal to or higher than lambing rates reported by others for ewes in first estrus following treatment with progestogen:PMSG during anestrus (Gordon, 1963a,b; Hulet and Stormshak, 1972; Laster and Glimp, 1974) . Lambing response was lower (P<.05) at the second induced estrus than the first in May-June, and tended to be reduced at the second estrus in July-August (table 3) . The number of lambs born per ewe lambing and number of lambs born per ewe marked were lower (P<.05) at the second estrus than at the first in both May-June and July-August. Matings at the first induced estrus in May-June accounted for 83% of the total ewes lambing and 87% of the total lambs born; the corresponding totals for July-August were 70 and 73%. The high lambing response obtained for matings at the first induced estrus is in contrast to the reduced fertility often reported for ewes in the first estrus after progestogen synchronization (Robinson et al., 1967; Wishart, 1967; Quinlivan and Robinson, 1969) .
The high percentage of ewes lambing to matings at the first induced estrus indicated that the second PMSG injection did not interfere with established pregnancies, supporting the conclusion that PMSG treatment of pregnant ewes is not detrimental (Robinson, 1951; Gordon, 1963a) . Only five of 65 (8%) and one of 54 (2%) ewes lambing to first estrous matings exhibited estrus in response to the second PMSG injection during May-June and July-August (table 3) , respectively, indicating that few pregnant ewes respond to the second PMSG treatment. Gordon (1963b) reported that pregnant ewes do not exhibit estrus when subjected to PMSG treatment within 13 to 40 days of conception. Of the ewes not exhibiting estrus or not conceiving to matings during the first induced estrous period, 51% (32 of 63, May-June) and 66% (46 of 70, July-August) exhibited estrus in response to the second PMSG injection. Of the ewes subjected to laparotomy and embryo recovery at the first induced estrus, 77% (43 of 56 in May-June) and 80% (44 of 55 in July-August) exhibited (6) 109 (7) 103 (16) bNumber of nonovulating ewes is given in parentheses.
CExpressed as percentage of ewes that could ovulate (i.e., during the second induced estrous period, five of 10 nonovulating ewes, in May-June, and four of six, in July-August, were pregnant to first estrous matings and were excluded). Number of ewes ovulating is given in parentheses.
dExpressed as mean • standard errors. Total number of ovulation sites is given in parentheses. *Value is lower (P<.05) than that for first induced estrous period. ** Value is lower (P<.01) than that for first induced estrous period. estrus after the second PMSG injection. These data indicate that a high percentage of nonpregnant ewes exhibit estrus in response to a second PMSG injection. In view of the low estrous response exhibited by pregnant ewes and the high response observed among nonpregnant ewes, conception rate at the first induced estrus appeared to be the primary factor influencing estrous response after the second PMSG injection.
Ovulation. A high percentage of ewes laparotomized 40 to 70 hr after onset of estrus had ovulated (89 to 98%; table 4), indicating that total failure of ovulation did not contribute to reduced conception rate among ewes treated during anestrus. The number of ovulation sites per ewe marked was higher (P<.05, table 4) during the first induced estrus than during the second in both May-June (3.0 vs 2.0) and July-August (3.0 vs 1.9). The reduced ovulation rate observed during the second induced estrus indicates that the efficacy of the synchronization treatment decreased with successive induced-estrous periods. Hulet and Foote (1969) also demonstrated that ovulation rate among ewes was reduced in response to a second PMSG treatment administered during anestrus (March and April). The decreased ovulation rate at the second synchronized estrus may have contributed to the reduced conception rate observed during the second induced estrous period (table 3) .
l';ffect of Interval fronl P.MSG Injection to Onset of Estrus.
When data for the two breeding groups (May-June and July-August) were combined and expressed on the basis of interval from PMSG injection to onset of estrus, a pattern for conception rate was observed (figure 2). Conception rate was high among ewes exhibiting onset of estrus within 72 hr after PMSG injection, for both the first and the second induced estrus, but declined markedly (P<.01) as the interval to onset of estrus increased beyond 72 hr postinjection. Among ewes exhibiting onset of estrus more than 72 hr after injection, conception rate averaged 29% for the first induced estrus and 36% for the second (figure 2). The conception patterns did not differ (P>.10) between the first and second induced estlXlS.
A significantly higher proportion of the total ewes marked (figure 2) exhibited onset of estrus beyond 72 hr after the second PMSG injection (55 of 84; 65%) than after the first (24 of 192; 13%) . A comparison of the pattern for total ewes marked with the pattern for ewes lambing (figure 2) suggests that the high proportion of ewes marked beyond 72 hr after the second PMSG injection contributed to the reduced lambing response observed during the second induced estrous period.
Since there were fewer (P<.01) ovulation sites per ewe during the second induced estrous period (1.9 + .2) than during the first (3.0 + .2) for the May-June and July-August groups combined (table 4), the relationship between the interval to onset of estrus and ovulation rate was examined. Ovulation rate decreased (P<.05) as interval from PMSG injection to onset of estrus increased (figure 3). The pattern of ovulation rate observed during the first induced estrous period did not differ from that observed during the second. The patterns observed for ovulation rate (figure 3) and percentage of ewes lambing (figure 2) were similar. We concluded that the reduction in ovulation rate may have contributed to the reduction in conception rate observed as interval to onset of estrus increased, particularly during the second induced estrous period, when a high proportion (65%) of the ewes exhibited onset of estrus beyond 72 hr after injection (figure 2). The effect of decreased ovulation rate was also reflected in the number of lambs born per ewe (table 3), which was significantly reduced for ewes responding during the second induced estrous period.
It has been reported that ewes synchronized during anestrus exhibit greater asynchrony between time of estrous onset, LH surge and, presumably, time of ovulation than do ewes synchronized in season (Echternkamp and Lunstra, 1978) . The pattern of declining conception rate as interval to onset of estrus increased (figure 2) may reflect an increasing asynchrony between time of mating and time of ovulation. Asynchrony of mating and ovulation may have been more magnified following the second PMSG injection, since greater variation in the interval to onset of estrus was observed during the second induced estrous period (figure 1). Increased asynchronies may have contributed to the reduced conception rate and lambing rate observed during the second induced estrous period.
Ram marking activity, reflected as mark intensity per ewe, declined steadily (P<.05) during the first induced estrous period (figure 3), paralleling the decline observed in conception rate (figure 2). Mark intensity decreased during the second induced estrous period (figure 3), although the pattern was less analogous to the pattern observed for conception rate. It has been shown that season can affect fertility of rams mated to ewes synchronized during anestrus (Schanbacher, 1979) , and that number of services per ram decreases rapidly during the first few days of intense breeding activity (Hulet et al., 1962; Mattner et at., 1967; Bryant and Tomkins, 1975) . The patterns of mark intensity (figure 3) and lambing response (figure 2) indicate that a decline in ram aggressiveness and fertility may have been associated with the decline in conception rate that occurred as interval to onset of estrus increased.
In conclusion, there were no significant differences in estrous, ovulation and lambing responses between ewes synchronized during mid-anestrus (May-June) and ewes synchronized during late anestrus (July-August). Lambing response (67%) was acceptable, although lower than that reported for ewes treated during the natural breeding season (86%, Laster and Glimp, 1974) . The reduction in lambing response among ewes treated during anestrus appears to have been partly attributable to the decreased effectiveness of the second PMSG injection, which resulted in decreased ovulation rate, decreased percentage of fertile estrus, decreased number of lambs born per ewe and increased variation in interval to onset of induced estrus. Within both induced estrous periods, a decline in conception rate, ovulation rate and ram marking activity was observed as interval from PMSG injection to onset of estrus increased. Futher studies of ram and ewe effects on conception of ewes synchronized during anestrus must be conducted if lambing rates comparable to those obtained during the natural breeding season are to be attained. 
